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SPECIFICATION 



UNI -DIRECTIONAL DYNAMIC SPINAL FIXATION DEVICE 



BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a spinal 

fixation device for spinal fusion and particularly 
relates to a uni-directional anterior cervical spinal 
fixation plate device for progressively maintaining a 
bone graft between adjacent vertebrae under compression. 

[0002] Spinal plates have been developed for 

stabilization of the spine upon spinal fusion. 
Conventional anterior cervical spinal fixation plates 
typically comprise a unitary plate having a pair of bone 
screw openings at each of its opposite ends. The plate 
has sufficient length to span an excavated bone 
graft-receiving site in the vertebral column and in which 
site a bone graft is located for fusion to adjacent 
vertebrae. These prior anterior cervical fixation plates 
fix the adjacent vertebrae on opposite sides of the bone 
graft-receiving site relative to one another. It will be 
appreciated, however, that with both ends of the unitary 
plate secured by screws to the adjacent vertebrae, 
advantageous and beneficial compression of the bone graft 
between the adjacent vertebrae and during the fusion 
process cannot be obtained. While it has been recognized 
that compression of a bone graft is desirable over time 
as the graft fuses to the vertebrae, the nature of these 
unitary anterior cervical spinal plates fixed at opposite 
ends to the adjacent vertebrae precludes compression of 
the bone graft beyond any initial compression during the 
surgical procedure. Consequently, there has developed a 
need for a spinal fixation device in which the bone graft 
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can be progressively compressed between adjacent 
vertebrae over time. 

BRIEF DESCRIPTION OF THE INVENTION 

[0003] In accordance with a preferred embodiment of the 

present invention, there is provided a spinal fixation 
device, preferably an anterior cervical spinal fixation 
device which dynamically and uni-directionally maintains 
compressive forces on the bone graft between adjacent 
vertebrae over time. To accomplish this, and in a 
preferred embodiment of the present invention, there is 
provided a fixation device including first and second 
discrete plates secured to respective vertebrae on 
opposite sides of a bone graft-receiving site. 
Particularly, each plate has two or more openings for 
cooperation with two or more fasteners , for example, bone 
screws, to fix the plate to one of the vertebra directly 
adjacent the bone graft-receiving site. The plates are 
therefore mounted for movement relative to one another. 

[0004] More particularly, the first and second plates 
have interlocking elements cooperable to lock the plates 
to one another in a plurality of positions for 
progressively compressing the bone graft between the 
adjacent vertebrae in response to movement, i.e., 
advancement of the plates toward one another. Moreover, 
as the plates progressively move toward one another into 
each advanced position, the plates are prevented from 
movement away from one another by the interlocked 
cooperable elements. Stops cooperable between the plates 
are also provided to limit the total extent of movement 
of the plates toward one another beyond a predetermined 
range of movement. Consequently, desirable and 
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beneficial progressive compression of the bone graft 
material between the adjacent vertebrae is achieved over 
time. 

[0005] Further, the first and second plates preferably 
have male and female parts, the interlocking elements 
being formed along the male and female parts. For 
example, the interlocking elements may take the form of 
ratchet teeth along opposite sides of the male part and 
cooperating complementary ratchet teeth along opposite 
sides of a recess on the female part. With the opposite 
ends of the first and second plates secured to the 
adjacent vertebrae, respectively, movement of the 
patient's head causes relative displacement of the first 
and second plates toward one another, enabling the 
ratchet teeth to lock the plates in progressively closer 
positions relative to one another. The ratchet teeth, of 
course, prevent movement of the first and second plates 
away from one another once an interlocked advanced 
position has been obtained. In this preferred 

embodiment, the male part may have a central slit 
enabling its legs to flex laterally toward and away from 
one another to facilitate progressive engagement of the 
ratchet teeth between the male and female parts. 

[0006] In another preferred embodiment of the present 

invention, the male and female parts may have cooperable, 
laterally projecting interlocking elements and notches, 
respectively. The elements are preferably biased, for 
example, by springs or resilient material, into a lateral 
outward position for releasable locking in corresponding 
notches. The elements are free for lateral inward 
displacement in response to movement of the patient's 
head to lock in the notches thereby affording a 
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progressive compression of the bone graft between the 
adjacent vertebrae. It will be appreciated that the 
locking elements can be provided on one or the other of 
the male and female parts with the notches lying along 
the opposite part. 

[0007] In each embodiment hereof, guides or rails are 

formed along the plates to prevent misalignment of the 
plates, i.e., prevent relative movement of the plates in 
anterior or posterior directions. Preferably, the guides 
or rails are formed along opposite sides of the male and 
female parts to maintain the plates aligned with one 
another . 

[0008] In a preferred embodiment according to the 

present invention, there is provided apparatus for 
compressing a bone graft between adjacent vertebrae, 
comprising a spinal fixation device including first and 
second discrete plates having openings for cooperation 
with fasteners to secure the plates to respective 
vertebrae on opposite sides of the bone graft, the first 
and second plates having interlocking elements cooperable 
to enable progressive advancement of the plates toward 
one another and to lock the plates to one another in a 
plurality of advanced positions precluding movement of 
the plates away from one another for progressively 
compressing the bone graft between the adjacent 
vertebrae . 

[0009] In a further preferred embodiment according to 

the present invention, there is provided apparatus for 
compressing a bone graft between adjacent vertebrae, 
comprising a spinal fixation device including first and 
second discrete plates, the first and second plates 
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having interlocking elements cooperable, when the plates 
are secured to the respective vertebrae in an initial 
position relative to one another, to enable advancement 
of the plates toward one another and to lock the plates 
to one another in at least one advanced position 
precluding movement of the plates away from one another 
for compressing the bone graft between the adjacent 
vertebrae . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIGURE 1 is an anterior view of a 

uni-directional dynamic spinal fixation device 
constructed in accordance with a preferred embodiment of 
the present invention and illustrated applied, to adjacent 
vertebrae on opposite sides of a bone graft-receiving 
site ; 

[0011] FIGURE 2 is a view similar to Figure 1 

illustrating discrete plates of the device in an extreme 
position precluding further compression of the bone graft 
material between adjacent vertebrae; 

[0012] FIGURES 3 and 4 are lateral and end views, 

respectively, of the spinal plate hereof fixed to the 
vertebral column; 

[0013] FIGURES 5 and 6 illustrate a further embodiment 

of the invention with resilient, laterally extending 
locking elements and lateral notches in the male and 
female parts of the plate, respectively; 
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[0014] FIGURES 7 and 8 are views similar to Figures 5 

and 6, with the elements located on the female part and 
notches on the male part; and 

[0015] FIGURE 9 is an enlarged cross- sectional view 
taken about on line 9-9 in Figure 1 illustrating guides 
or rails for maintaining the discrete plates aligned with 
one another. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] Referring now to the drawings, particularly to 

Figures 1 and 2, there is illustrated a spinal fixation 
device, generally designated 10, including first and 
second plates 14 and 16, respectively. As illustrated, 
the fixation device 10 is disposed in the vertebral 
column between adjacent vertebrae 18 and 2 0 which span a 
bone graft-receiving site 22. The site 22 includes a 
portion of the intervening vertebra 24 including disks 
which have been excavated and in which site bone graft 
material has been disposed. Particularly, an anterior 
cervical portion of the spinal column is illustrated in 
Figures 1 and 2 with the uni-directional dynamic spinal 
fixation device of the present invention spanning the 
graft-receiving site and fixed to the adjacent vertebrae 
18 and 20. 

[0017] The first or superior plate 14 includes a body 

portion 30 having at least a pair of openings 32 for 
receiving bone screws 34 whereby the first plate 3 0 is 
secured to the vertebra 18 superior to the bone graft 
site 22. The first plate 30 also includes a male 
projecting part 36 which projects from an end of the 
first plate 14 opposite the end containing openings 32 
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and the bone screws 34. Lateral edges of the male 
projecting part 3 6 have elements for interlocking the 
first and second plates 14 and 16, respectively, to one 
another, as described below. Preferably, the elements 
include ratchet teeth 38. Additionally, the male 

projecting part 3 6 includes a central slot 4 0 opening at 
the distal end of the male part 3 6 and terminating in a 
main body portion of the first plate 14. The slot 40 
enables the opposite legs 42 of the male part 36 to 
resiliently flex laterally toward and away from one 
another, for reasons discussed below. 

[0018] The second or inferior plate 16 includes a 

female part defining a recess 5 0 at an end thereof remote 
from the openings 44. The recess 5 0 receives the male 
part 36 of the first plate 14. The openings 44 receive 
bone graft screws 46 for securing the second plate 16 to 
the inferior vertebra 2 0 on the opposite side of the bone 
graft-receiving site 22 from vertebra 18. The lateral 
margins of the recess 50 have interlocking elements, 
i.e., ratchet teeth 39, which cooperate with and are 
complementary shaped relative to the ratchet teeth 38 of 
the male part. Temporarily disposed between the first 
and second plates 14 and 16 is a spacer 60. The spacer 
60 maintains the first and second plates spaced from one 
another during the course of surgery and serves to aid in 
proper positioning of the first and second plates 
relative to one another. It will be appreciated that the 
male and female parts may be reversed, i.e., the male 
part 3 6 may be formed on the inferior plate 16 and the 
female part 50 may be formed on the superior plate 14. 

[0019] Once the site 22 has been prepared and the bone 

graft material 26 (Figure 3) located in the site between 
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the adjacent vertebrae 18 and 20, the spinal plates 14 
and 16 hereof are applied anteriorly of the cervical 
spinal column. Particularly, using standard surgical 
techniques, the bone screws 34 are applied through the 
openings 32 in the ends of the first and second plates 
into the vertebrae 18 and 20, respectively, to secure the 
plates to the vertebrae. When securing the plates to the 
vertebrae, the male part and female parts are 
interconnected through the interlocking cooperable 
elements, i.e., the ratchet teeth 3 8 and 39, in 
predetermined initial positions, for example, as 
determined by spacer 60. It will be appreciated that 
with the spacer 60 located between the first and second 
plates, the spacer 60 and the interlocked ratchet teeth 
of the plates prevent movement of the plates toward and 
away from one another, respectively. When the plates are 
properly secured to the adjacent vertebrae 18 and 20, the 
spacer 60 is removed. It will be appreciated that, with 
the removal of the spacer 60, the plates 14 and 16 are 
enabled for movement toward one another by the 
cooperating sloped surfaces of the ratchet teeth 3 8 and 
39. Thus, as the patient recovers and moves his/her head 
forwardly, the first and second plates may relatively 
move toward one another and incrementally advance a 
linear distance corresponding to the pitch of the ratchet 
teeth. While the drawing Figure 1 illustrates a range of 
movement of one tooth pitch, it will be appreciated that 
additional ratchet teeth are preferably provided to 
afford a predetermined range of movement of the plates 
relative to one another. 

[0020] More particularly, when advanced, the teeth 3 8 

and 3 9 cooperate with one another to prevent return 
movement of the plates in a direction away from one 
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another. This dynamic uni-directional movement of the 
plates toward one another and the locking of the plates 
in progressively advanced positions responsive to 
movement of the patient's head anteriorly, thus 
progressively displaces the adjacent vertebrae 18 and 2 0 
toward one another thereby enabling the bone graft to be 
maintained under compression between the adjacent 
vertebrae 18 and 20. Depending upon the distance of 
travel allowable for the plates relative to one another 
for each stepwise advance, periodic continued movement of 
the patient's head in a forward direction, as when 
nodding, will cause further ratcheting action with 
consequent advantageous and beneficial compression of the 
bone graft between the adjacent vertebrae. It will be 
appreciated that the ratchets have very fine teeth and 
the movement is incremental, the teeth in the drawing 
figures being enlarged and exaggerated to demonstrate the 
concept. It will also be appreciated that the slit 50 
separating the legs of the male part permit the legs to 
flex toward and away from one another, enabling the 
plates to incrementally advance toward one another. 

[0021] Referring to Figure 2, the plates are 

illustrated in a position in which further advancement of 
the plates toward one another is prevented. That is, the 
leading edge of the male part 3 6 engages the base of the 
recess 50. Also, the shoulders on the opposed first and 
second plates engage one another to stop any further 
relative movement of the plates toward one another. It 
will be appreciated that other types of stops may be 
employed. Thus, the range of uni-directional dynamic 
movement is limited and predetermined. 
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[0022] Figures 3 and 4 illustrate a preferred 

embodiment of the uni-directional dynamic spinal fixation 
device 10 hereof in lateral and endwise views. It will 
be appreciated that the device is curved, both lengthwise 
and laterally, with its posterior surface facing the 
vertebral column being concave in both respects . 

[0023] Referring now to the embodiment hereof 
illustrated in Figures 5 and 6, wherein like reference 
numerals are applied to like parts as in the preceding 
embodiment, followed by the suffix a, the interlocking 
elements may comprise a plurality of teeth 70 projecting 
laterally from the male part 36a of the first plate 14a. 
The teeth 7 0 are maintained biased laterally outwardly by 
springs 72 disposed in recesses 74 in the male part 36a. 
Thus, it will be seen that a plurality of teeth 7 0 
project laterally outwardly from opposite sides of the 
male part 36a under the bias of springs 72. Rather than 
individual springs 72, alternate means to bias the teeth 
outwardly may be provided. For example, the teeth on 
each side may be interconnected to one another along a 
base lying in a channel with a wave spring biasing the 
base and hence the teeth laterally outwardly. As a 
further alternative, surgical resilient material may be 
employed behind each tooth 70 or behind a gang of teeth 
located in a channel along each side of the male part 3 6a 
to provide the lateral outward bias. 

[0024] The second plate 16a has a plurality of notches 

76 along opposite margins of its recess 50a for 
cooperation with the teeth 70. The teeth 70 and the 
cooperating notches 76 are configured to enable the first 
and second plates to move toward one another and to be 



10 



573153 



locked in a plurality of positions locating the first and 
second parts progressively closer to one another. 

[0025] Figures 7 and 8 illustrate a reverse 

configuration with respect to the interlocking components 
shown in Figures 5 and 6. That is, the male part 36b of 
the first plate 14b has a plurality of notches 80 along 
its opposite margins. The second plate 16b has a 
plurality of the projections 70b along opposite margins 
and projecting laterally inwardly into the recess 50b. 
The projections are biased for lateral movement toward 
the opposing projection by springs 72b or other biasing 
means as noted above in connection with springs 72 . It 
will be appreciated that similarly as in the embodiment 
of Figures 5 and 6, as the patient moves his/her head in 
a direction tending to move the first and second plates 
toward one another, the projections and notches cooperate 
to interlock with one another in the progressively 
advanced positions, preventing the first and second parts 
from separating movement. 

[0026] Referring now to Figure 9, the first and second 

plates are prevented from moving out of alignment 
relative to one another in anterior or posterior 
directions. For example, in the first embodiment hereof 
illustrated in Figures 1-4, the inferior plate 16 may 
include guides or rails 90 forming channels 92 along the 
margins of the female recess 50. The teeth 3 9 of^ the 
inferior plate 16 also lie within the channel 92. The 
teeth 3 8 on opposite sides of the male part 3 6 of the 
superior plate 14 also extend within the channels 92. 
Consequently, the male and female parts are prevented 
from displacement in anterior and posterior directions 
relative to one another. It will be appreciated that the 
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channels may be formed on the margins of the male part 
with the teeth of the female part projecting into the 
channels. With respect to the embodiments hereof of 
Figures 5, 6 and 7, 8, similar channels or rails may be 
provided on one or the other of the male and female parts 
to prevent misalignment of the parts in forward or 
rearward directions upon relative movement of the plates 
toward one another or when in a locked position relative 
to one another. 

[0027] It will also be appreciated that the spinal 

fixation device of the present invention may be formed of 

O materials, such as titanium, compatible for use in the 

r!l human body over periods of time. 

[0028] While the invention has been described in 

^ connection with what is presently considered to be the 

O most practical and preferred einbodiment, it is to be 

S understood that the invention is not to be limited to the 

W disclosed embodiment, but on the contrary, is intended to 

fy cover various modifications and equivalent arrangements 

included within the spirit and scope of the appended 

claims . 



12 



573153 



